Background: Case-management with artemether-lumefantrine (AL) is one of the key strategies to control malaria in many African countries. Yet, the reports on translation of AL implementation activities into clinical practice are scarce. Here the quality of AL case-management is reported from Uganda; approximately one year after AL replaced combination of chloroquine and sulphadoxinepyrimethamine (CQ+SP) as recommended first line treatment for uncomplicated malaria.
Background
Forty-one African countries with endemic Plasmodium falciparum malaria have recently changed antimalarial drug policies from ineffective monotherapies to highly efficacious artemisinin-based combination therapy (ACT); and among them, 21 countries selected artemether-lumefantrine (AL) as their first-line ACT for uncomplicated malaria [1] . In Uganda, resistance to chloroquine (CQ) and sulphadoxine-pyrimethamine (SP) monotherapies progressed rapidly during the 1990's [2, 3] and the efficacy of the subsequent recommendation of a combination of CQ and SP (CQ+SP) was soon compromised [4, 5] . In 2004 the decision was made to abandon CQ+SP in favour of AL, however the policy was subsequently revised to include another ACT combination of artesunate and amodiaquine (AS+AQ) as an alternative treatment when AL is not available [6] . Quinine was recommended as the second-line treatment, SP was reserved only for intermittent preventive treatment in pregnancy, and CQ+SP was no longer recommended for the treatment of malaria.
During 2005 and 2006, the Ugandan Ministry of Health implemented the new treatment policy and this process included four key activities. First, national malaria casemanagement guidelines were revised to incorporate changes in treatment recommendations [7] . Second, between January and May 2006, all government and private-not-for-profit facilities received AL supplies to ensure adequate stocks prior to delivery of the in-service training at the periphery. AL was delivered in the standard four weight-specific blister packages each containing a different number of the same strength tablets. At all facilities AL was provided free of charge, and by the time of our study, there were no deliveries of AS+AQ to health facilities. Third, in-service training for health workers was conducted to implement new guidelines. The rapid cascade training-programme started in February with a national, two-day workshop for 588 senior district health workers who were responsible for the training of all front-line health workers by the end of May 2006. The training for front-line health workers focused on the management of uncomplicated malaria, was organized over one-day at health facilities, and included lectures without practical case scenarios or clinical practice. No training evaluation, further follow up, or supervisory visits of health workers who attended trainings were undertaken. Finally, wall charts reflecting AL case-management recommendations were developed to serve as job-aids [8] . These charts, together with new guidelines, were delivered to health workers either through district health management teams or during the training sessions.
Effective translation of new guidelines into clinical practice is of critical importance to maximize the potential impact of improved, efficacious therapies. However, there are very few reports on the quality of clinical practices following implementation of AL policies in Africa [9, 10] . Here AL case-management practices in accordance with national case-management guidelines are reported approximately 1 year after AL was distributed, training of health providers completed and guidelines and wall charts delivered to peripheral facilities across Uganda.
Methods

Study design and data collection
A cross-sectional, cluster sample survey was conducted between 29 May and 16 August 2007 at all government and private-not-for profit health facilities in four districts purposively selected to represent diversity of malaria transmission in Uganda: Apac, rural holoendemic district; Tororo, rural hyperendemic district; Mubende, rural mesoendemic district; and Jinja, periurban mesoendemic district [11] . A cluster was defined as all consultations for sick patients presenting at each facility on a randomly selected, single survey day. Patients coming for follow up visits for chronic diseases (e.g. TB, diabetes), traumas, burns, and patients referred or admitted for hospitalization were not recruited.
Sixteen nurses in eight survey teams collected data. In each district training and concordance testing was undertaken over five days until the agreement of practice results of nurses and trainers was greater than 90%. At health facilities data were collected using a range of quality of care assessment methods. All adult patients and caretakers of sick children were interviewed and had limited clinical screening when they completed their health facility visit and were ready to leave. Prior to the interviews, written informed consent to be enrolled in the study was obtained from all patients or their caretakers. Interviewers determined the patient's age, weight, history of fever, axillary temperature, main complaints, prior use of antimalarial drugs, routine counseling and drug dispensing practices undertaken during the facility visit, and if the visit was an initial or follow-up consultation. Information was also collected from patient-held records about routine diagnostic procedures requested, results reported and medications prescribed.
At the end of the survey day all health workers who had attended study patients were interviewed to collect information on their demographics, pre-service and in-service training, working experience, access to national guidelines and exposure to supervision in the preceding six months. Finally, a health facility assessment was undertaken to record the availability of AL and other antimalarials on the survey day and in the past 6 months, the presence of functional weighing scales, thermometers, malaria diagnostics, and any displayed case-management wall charts. In addition, malaria treatments prescribed during the week prior to the survey were documented from the patients' registers held at the clinic.
Definitions
Study definitions reflected national malaria case-management recommendations from the latest Ugandan "Guideline for Health Workers on the Management of Uncomplicated Malaria" [7] , "Guidelines for Integrated Management of Childhood Illnesses" [12] and "Flowcharts for Management of Malaria" [8] . In summary, according to these guidelines and flowcharts any patient presenting with fever or history of fever in absence of danger signs and prior, correct use of ACTs should be presumptively treated with recommended first line treatment for uncomplicated malaria. The guidelines provide the same recommendations across all age groups. The use of malaria microscopy is discouraged for most febrile patients with the exception of special patient groups such as suspected treatment failures, severe cases, children below 5 kg and pregnant women. A case of patient needing management with AL was defined as a non-pregnant patient, weighing 5 kg and above, who presented to a health facility for an initial visit with a history of fever during the present illness or axillary temperature ≥ 37.5°C, and treated as an outpatient in the absence of a negative routine malaria test and prior use of ACT.
The correctness of AL dosage prescriptions was assessed in accordance with guidelines dosage recommendations for four weight-specific AL categories [7] and was classified into three categories: 1) recommended (one tablet twice a day over three days for a 5-14 kg patient; two tablets twice a day over three days for a 15-24 kg patient; three tablets twice a day over three days for a 25-34 kg patient; and four tablets twice a day over three days for a patient 35 kg and above, 2) overdosed, and 3) underdosed prescrip-tions. The quality of AL dispensing and counseling for patients included the performance of the following seven tasks: weighing of patients, explanation on how to take AL at home, administration of the first dose at health facility, observation of the swallowing of the first dose, and provision of advises to take AL after the meal, to complete all doses, and what to do in case of vomiting.
Statistical analysis
Data were double-entered into Microsoft Access 2000 (Microsoft Inc, Redmond, Washington). Questionnaires were entered twice by two independent data entry clerks, and data files were compared for errors using a verification programme and referring to original questionnaires. All analyses were performed using STATA, version 8 (StataCorp, College Station, Texas). Results from four districts were combined and descriptive analysis was undertaken at the health facility, health worker, and patient level across all age groups and stratified for children below 5 years of age and patients 5 years and older. A stepwise approach was applied in analyzing quality of malaria case-management for patients who needed to have AL prescribed according to guidelines. First, to assess overall performance of the new policy, treatment practices were analyzed at all health facilities regardless of the availability of AL. Then, to assess health workers adherence to the new policy analysis was restricted to facilities where AL was in stock on the day of the survey. Finally, at facilities with available AL, the quality of AL dosage prescriptions, and the quality of dispensing and counseling practices was respectively restricted to patients who had AL prescribed and to those who had both, AL prescribed and dispensed at facility. Data are presented as frequencies and proportions, with corresponding 95% confidence intervals (CIs) adjusted for clustering by health facility.
Two outcomes were selected to examine factors influencing health workers adherence to guidelines at facilities where AL was in stock. These included health workers decision to 1) treat for malaria, and 2) select AL as the recommended drug. The following factors were examined: health workers pre-service training; in-service training on the use of AL; access to national malaria guidelines; presence of AL wall charts; availability of CQ; availability of weight-specific AL packs; supervision including AL (defined as at least one supervisory visit in past 6 months including any discussion on appropriate use of AL); the patient's age; and main complaints of fever, cough, and skin problem. Interaction terms between in-service training and all factors of programmatic importance were also tested for each of two outcomes. The association between factors and outcomes was examined applying logistic regression modeling with the STATA xtgee procedure using an exchangeable working correlation matrix to account for correlated nature of data [13] . For each outcome the odds ratio (OR), 95% confidence interval and P-values were first estimated for each factor in a series of univariate models. All factors with P-value for association < 0.15 were then entered into multivariate model, and a backward, stepwise strategy was used to eliminate variables with P-value > 0.05. Hypothesis testing and confidence interval estimation were done with an alpha level of 0.05.
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Results
Description of the sample
All 195 health facilities which were open during the survey period in study districts were assessed. At seven facilities, a health facility assessment was undertaken but no consultations took place during the survey day. At the remaining 188 facilities, outpatient malaria case-management practices were evaluated on 1,766 consultations undertaken by 233 health workers. No health worker, adult patient or caretaker on behalf of sick child refused to participate in the study. However, of 233 health workers, one (0.4%), who performed three consultations, had to urgently leave the facility before an interview could be performed. Of the 1,763 consultations analyzed, 1,200 consultations met our definition of patients who needed AL management in accordance with national guidelines (461 < 5 years and 739 ≥ 5 years of age). The remaining 563 consultations were for patients < 5 kg (10), pregnant women (74), follow up visits (94), had neither a history of fever nor temperature ≥ 37.5°C (371), had received AL prior to coming to facility (47), or had negative malaria slide reported through routine practices (85).
Health facility and health worker characteristics
Of the 195 health facilities assessed, most (90%) were smaller health centres II and III, and most facilities were run by the government (88%) ( Table 1 ). The majority had functional weighing scales (91%) and thermometers (75%) while malaria microscopy was provided at only 26% of facilities. Only one facility stocked malaria rapid diagnostic tests. Nearly half of facilities (93/195; 48%) On the survey day, any tablet packs of AL were in stock at 87% of facilities, the availability ranging from 39% for 18 tablet packs to 83% for 6 tablet packs ( Table 1 ). All four weight-specific AL packs were available at only 67 (34%) facilities. Other antimalarial drugs recommended for treatment of uncomplicated malaria such as quinine, artesunate and amodiaquine were respectively in stock at only 30%, 4%, and 2% of facilities. Conversely, non-recommended antimalarials were widely available; CQ at 77% and SP at 88% of facilities. Of 157 facilities where retrospective stock-out data were available, the stock-outs of AL during the six-month period prior to the survey were common: 75% of facilities experienced stock-out of at least one of four AL tablet packs; between 44% and 68% reported stock-outs for specific AL packs; and 35% of facilities were found to have simultaneous stock-out of all four packs. In these facilities, the median number of the stockout days without any AL was 60 [IQR: or 33% of study time. During the same retrospective period, CQ was rarely out of stock (23%), while most facilities reported stock-outs of quinine (58%), artesunate (98%) and amodiaquine (98%).
Of 232 interviewed health workers, the most common cadre performing consultations were nurses (35%); 24% were clinical officers and doctors; 4% midwives; and further 38% of health workers were health workers without formal clinical training, most commonly nurse aids and nursing assistants ( Table 2 ). The majority of health workers (182/232; 79%) were trained on AL use, most commonly through the MoH cascade in-service training programme (124/182; 68%). The coverage of health workers trained on IMCI was high (160/232; 69%), however only 9 of these health workers attended recent IMCI trainings that included AL recommendations. Overall, higher cadres of health workers were more likely to have been exposed to AL training (86% of clinical officers and doctors vs 82% of nurses and midwives vs 71% of those without formal clinical training). 68% of health workers had access to national AL guidelines and 54% had access to IMCI chart booklets which were, however, not revised to include AL treatment recommendations. More than half (52%) of health workers reported at least one supervisory visit in past six months that included discussion on any clinical topic, however only 34% health workers reported a visit that included topic on appropriate use of AL.
Quality of AL prescribing, dispensing and counseling practices
Of 1,200 patients weighing 5 kg and above who needed treatment with AL according to guidelines and presenting to all study facilities, AL was prescribed for 60% of patients, CQ+SP for 14%, quinine for 4%, CQ for 3%, and various other antimalarials for 3% of patients (Table 3) .
Notably, among all patients 16% left the facility with no antimalarial prescription, similar in children < 5 years (14%) compared to patients 5 years and older (17%). At the same facilities, the retrospective one-week review of 18,917 antimalarial prescriptions adjusted for the same rate of non-treated febrile patients as observed on the survey day (16%), suggested somewhat lower use of AL (52%), similar use of CQ+SP (13%), and more common prescriptions of quinine (7%), CQ (7%) and SP (4%)
.
Surprisingly, at facilities where AL was in stock on the day of the survey, only minor and statistically non-significant changes in health workers adherence to the new policy were observed compared to practices at all facilities: AL prescribing increased by 4% (60 to 64%), use of CQ+SP decreased by 3% (14 to 11%), other antimalarials for only 1% (10 to 9%), and the proportion of patients not treated with any antimalarial drugs remained exactly the same (16%) ( Table 3) .
Among 714 patients who had AL prescribed and for whom dosing prescriptions were complete (7 missing values), 676 (95%) were prescribed recommended AL weight-specific dosages while overdose and underdose prescriptions were very rare (16/714; 2% and 22/714; 3% respectively). High rates of recommended dosage prescriptions were observed across all weight groups: 5-14 kg (273/283; 97%), 15-24 kg (79/89; 89%), 25-34 kg (10/ For 669 patients who had AL dispensed at the health facility (Table 4 ), health workers variably performed dispensing and counseling tasks: 51% had weight measured, 97% were explained how to take AL at home, 67% were advised to complete all doses, 47% were instructed to take drug after the meal, 15% received the first dose of AL while at the facility, 14% were observed while swallowing the first dose, and only 7% were advised what do in case of vomiting. Interestingly, apart from measuring the weight which health workers more commonly performed for children < 5 years of age (65%) than in patients 5 years and older (41%), there was no significant difference between age groups in the performance of any other dispensing and counseling tasks ( Table 4) .
Factors influencing quality of AL case-management
Eleven factors and six interaction terms that may have influenced health workers decisions to 1) treat for malaria, and 2) select recommended AL treatment at facilities where AL was in stock on the survey day were examined. Table 5 presents multivariate results for statistically significant associations (P-value < 0.05) between examined factors and each outcome, and univariate results for factors which did not meet the criteria for multivariate analysis (P-value < 0.15) or were statistically non-significant to be retained in final models. (2) Patients were significantly less likely to be treated for malaria if they were seen by formally qualified health workers (OR = 0.61; 95% CI: 0.40-0.93) or if they presented with a skin problem (OR = 0.29; 95% CI: 0.15-0.55). Among 892 patients who were prescribed an antimalarial drug, AL was significantly more likely to be prescribed if they were seen at facilities where on the survey day the appropriate weight-specific AL pack was in stock (OR = 6.15; 95% CI: 3.43-11.05) and where CQ was absent (OR = 2.16; 95% CI: 1.09-4.28). Interestingly, no significant association was found between any of AL implementation activities (in-service training including AL, access to national guidelines, and availability of malaria wall charts) and tested outcomes ( Table 5 ). Similarly, no significant association was found with any of outcomes for the effects of in-service training in interaction terms with guidelines, wall charts, supervision, preservice training, availability of weight-specific AL, and absence of CQ.
Discussion
This study of AL case-management was undertaken approximately three years after the policy shift from CQ+SP to AL was announced in Uganda, two years after the beginning of implementation activities and at least a year after AL was delivered to all facilities in study districts. Despite the lack of universal availability of AL on the survey day (87%) and less than optimal coverage with inservice training (79%), guidelines (68%) and AL wall charts (48%), the overall use of AL prevailed (60%) over non-effective CQ, SP and CQ+SP therapies (18%), or effective, but not recommended therapies, such as quinine and other antimalarial combinations (7%). The presence of study teams at facilities may have introduced a Hawthorn effect resulting in better performance on the survey day than usual [14, 15] ; however, the retrospective review of treatment practices in a week prior to the presence of study teams suggests that this effect was relatively minor as 52% of patients were still prescribed AL prior to the survey. Unexpectedly, no further improvements were observed at facilities where AL was in stock on the survey day. At these facilities two main practices discordant with national recommendations are important to emphasize: first, 20% of patients were still prescribed non-recommended antimalarials, most commonly CQ+SP, and second, further 16% of febrile patients were not treated at all for malaria. Our explanatory analyses provide some explanations that help to understand these patterns.
First, health workers were much more likely to prescribe AL if weight-specific AL pack was in stock (OR = 6.2), but also if non-recommended chloroquine was absent (OR = 2.2). The negative effects of the presence of ineffective drugs on treatment practices have been described in Kenya [16, 17] , and the implications of these findings are clear -discontinuation of supply and removal of existing stocks from facilities. More than a year after the new policy reached peripheral facilities, the absence of a stable AL supply chain does not justify the continued supply of ineffective drugs.
Controversy, however, exists on the most appropriate ways to approach common situations where tablets of AL are in stock but not in adequate pack sizes. [18] , and high rates (95%) of health workers adherence to correct AL dosing as shown in this and in the previous studies [9, 10] ; however, it would still save many lives before an effective AL supply chain is established countrywide. If adequate availability of AL products cannot be ensured, alternative AL preparations that do not depend on separate packaging, should be considered and their operational use evaluated. Finally, the implementation of parallel ACT policy promoting AS+AQ, as a stipulated recommendation in national guidelines in Uganda, might also be an option to support sufficient availability of ACTs at the periphery of health system.
The second practice discordant with guidelines is that 16% of febrile patients are not treated with any antimalarial drug; the proportion similar between young children and patients 5 years and older. Health workers are more likely to respect guidelines if febrile patients spontaneously report fever, or present without additional problems such as skin infection. Health workers with higher qualifications and those less supervised are more likely to disregard guidelines. These findings are similar to those reported previously in Benin [19] and Kenya [16] and continue to persist despite many studies in the past demonstrating low sensitivity of various clinical signs and symptoms to detect malaria in febrile patients across all age groups [20] [21] [22] , translation of this evidence into national [7, 12] and international guidelines [23, 24] , and emphasis of series of Ugandan in-service training programmes on these guidelines [25] . This practice is more prominent among more qualified health workers and possibly reflects the common beliefs that their skills, and knowledge of alternative diagnoses, could reliably distinguish malaria fevers from other febrile causes. The advent of malaria rapid diagnostic tests may present an opportunity not only to address well-known problem of malaria overdiagnosis [26] , but also to reduce the risk of malaria under-treatment by promoting systematic testing of all febrile patients.
Appropriate AL dispensing and counseling practices deserve special attention. The performance of these tasks, as they should be provided as part of good clinical practice, are critical to ensure high rates of patients adherence [18] and treatment success [27, 28] . In this study, we found that nearly all patients left the facility with an explanation on dosing schedule; however, administration of the first AL dose, and provision of advice to take AL after the meal and what to do in case of vomiting was rarely performed across all age groups. Despite Uganda's investment in interventions to improve the quality of care such as IMCI [25, 29] , deficiencies in drug dispensing and counseling practices persist. The reasons for these suboptimal practices are not clear and demand further qualita-tive research including health workers misperceptions on administration of first AL dose in the absence of food, the effects of lack of potable water on administering drugs at peripheral facilities and the effects of AL blister packages on the provision of replacement dose in case of vomiting.
Better understanding of these factors should guide further interventional studies to improve dispensing and counseling practices as an integral part of appropriate prescribing.
Finally, better prescribing practices could not be attributed to any routine AL implementation activities (in-service training, guidelines, wall charts). The reviews of previous studies with similar design, as well as systematic reviews of other interventional trials on the use of medicines in developing countries, commonly reported a mixed association between in-service training and health worker performance, and sometimes, as in the present study, no association was found with any of the examined interventions [30] [31] [32] . Unfortunately, most studies, including this one, had only limited details about the quality of training delivered to health workers in study settings to make any definite conclusions about effectiveness of this intervention. Yet, it seems obvious that currently established ways of delivering ACT policies and ensuring health workers performance during the post-delivery period need strengthening. Prospective, interventional studies testing cost-effectiveness of innovative types of training, but also job-aids and supervision, and their combinations, should be an operational research priority of critical importance to inform policy makers on how to optimize the delivery of ACTs in Africa.
Conclusion
Although it was encouraging to observe that the use of AL prevailed over non-recommended therapies in Uganda, the quality of AL case-management is not yet optimal and a series of deficiencies were detected at point of care. Following widespread ACT deployment across Africa, the priority for operational researchers and policy makers should be to determine the most cost-effective set of interventions that can be easily deployed on a larger scale to maximize the impact of ACTs so long as their adequate supply to the periphery of health system can be guaranteed.
